Scanning probe microscopy (SPM) has become a useful tool for characterizing the topography of material surfaces down to the nanometer scale. In that sense, it is a natural-albeit wide-ranging and multifaceted-extension of optical microscopy, 1, 2 and in just a few decades, it has developed into an extremely useful family of techniques (see Table I , on next page). The field of scanning probe microscopy started in 1981 with the invention of scanning tunneling microscopy (STM) by Binnig and Rohrer.
and in just a few decades, it has developed into an extremely useful family of techniques (see Table I , on next page). The field of scanning probe microscopy started in 1981 with the invention of scanning tunneling microscopy (STM) by Binnig and Rohrer. 3, 4 The basic components of scanning probe microscopy are shown for the case of STM in Figure 1 . The ability to achieve atomic resolution on the surfaces of metals and semiconductors has turned STM in a short period into an invaluable surface science tool. Together with techniques such as secondaryion mass spectrometry and Auger spectroscopy, STM is a powerful technique for characterizing thin-film growth in molecularbeam epitaxy. Examples include the elucidation of Si-Ge heterostructures, which are discussed in the article by Tomitori and Arai in this issue. STM also offers the possibility of scanning tunneling spectroscopy (STS), where valuable information about the local density of states can be gained with far greater spatial resolution than previous approaches using normal and inverse photoemission. Examples include the ability to determine the surface states of semiconductors and the bandgap in superconductors.
One limitation of STM is the necessity for electrical conductivity of the samples. The invention of scanning force microscopy (SFM, or, atomic force microscopy, AFM) by Binnig, Quate, and Gerber in 1986 overcame this limitation, 5 bringing about a revolution in materials science. The standard resolution of SFM in the repulsive contact mode is in the nanometer range. With the extension of SFM to dynamic force microscopy, it became possible by the mid-1990s to achieve true atomic resolution. 6 Insulators such as ionic crystals 7 or oxides 8 could be imaged on the atomic scale for the first time.
Apart from its impressive performance in high-resolution imaging of insulators, SFM/AFM has the advantage of being applicable in almost any environment, such as air, dry nitrogen, high vacuum, high pressures, or liquids. The last is of critical importance for applications in biology, as the technique allows cells and membranes to be studied in their functional native (wet) environments. AFM of biological samples will be covered by Frederix et al. in this issue.
SFM not only yields maps of sample topography, but also provides information about local properties such as elasticity, charge distributions, magnetization, and chemical reactivity. This distinguishes SFM from other microscopies and makes it an invaluable tool in materials science. Chemical force microscopy 9 has been used to image the surface chemical state of oxides 10 and polymers, 11 and it is now possible to probe chemical forces between a single dangling bond and atoms in a silicon surface. 12 Therefore, maps of chemical reactivity can be prepared, opening new perspectives for materials synthesis and catalysis studies. The use of SFM to measure the mechanical, structural, and thermal properties of polymers has also become widespread and is now facilitated by the ability to heat samples in situ in the microscope. The wide range of approaches used in industrial polymer characterization is discussed in the article by Bar and Meyers.
SFM can also be modified to measure the normal and lateral forces between the probe tip and sample simultaneously. This approach is known as friction force microscopy (FFM), or lateral force microscopy (LFM), and it has opened a new window onto the entire field of nanotribology. In 1986, Mate et al. demonstrated atomicscale stick-slip between a tungsten tip and a graphite surface. 13 Further experiments helped to increase our understanding of the origins of friction.
14 Recently, the transition from stick-slip to an ultralow friction state has been observed in the laboratory. 15 Measurements of friction using SPM are described in the article by Perry.
Many important material properties, such as structural anisotropy, can be elucidated by dynamic modes of AFM. These modes, including dynamic lateral force microscopy, are discussed in the article by Carpick and Eriksson. Magnetic force microscopy (MFM) is an extension of SFM, where magnetic tips are scanned over ferromagnetic samples. This has become an important tool for quality control in magnetic media and is also a key approach to a number of fundamental studies of magnetism, such as imaging magnetic vortices in superconductors and investigating colossal magnetoresistance in In just a few decades, scanning probe microscopy has become a ubiquitous and essential tool in materials imaging and characterization. We hope that the accompanying articles in this issue provide both food for thought and serve as inspiration for further applications of this extraordinarily useful family of techniques.
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